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SUMMARY 
The Department of Agriculture and Food, Western Australia (DAFWA) was commissioned by 
the South West Catchments Council (SWCC) to set resource condition targets for land 
salinity and native vegetation in the portion of the South West Natural Resource 
Management Region with less than 600 mm mean annual rainfall. In the South West we 
believe that realistic and achievable targets can only be set by involving the landholders 
who will need to make the changes on their land to cope with and manage salinity. 
The Department of Agriculture and Food (Keipert et al. in prep.) developed a process 
involving two half day workshops which combined the latest scientific information and simple 
models with local knowledge of salinity and its management to set long term targets for 
salinity and native vegetation. 
The title for the first Narrakine Gully and Highbury catchments workshop was:  
Linking science with local aspirations 
At this workshop, an hydrologist from the Department provided the latest information on 
current and future groundwater and salinity levels, as well as the likely impact of a range of 
recharge management scenarios. All the available management options were discussed and 
the group nominated three management options for further modelling to be presented at the 
second workshop.  
The title for the second Narrakine Gully and Highbury catchments workshop was:  
Setting targets for action 
The results of the modelling were presented and the impacts of the different management 
options discussed. The group considered these options and then finalised the following 
resource condition targets for the Narrakine Gully and Highbury catchments.  
Narrakine Gully catchment targets 
The landholders in Narrakine Gully agreed to the following resource condition 
targets: 
• Contain salinity coverage across the catchment to 8 per cent of the catchment area 
with no net loss of production by 2028. (Landholders estimated that 6 per cent of the 
catchment is currently affected by salinity and the full-risk by 2028 was estimated to be 
10% of the catchment.) 
 
Highbury catchment targets 
The landholders in Highbury agreed to the following resource condition targets: 
• Contain salinity coverage across the catchment to 15 per cent of the catchment area 
with no net loss of production by 2028. (Landholders estimated that 11 per cent of the 
catchment is currently affected by salinity and the full-risk by 2028 was estimated to be 
20 per cent of the catchment.) 
• Increase productivity from currently affected land. 

THE IMPACT OF THE ‘PROFITABLE PERENNIALS’ PROJECT ON ADOPTION: AN EVALUATION 
 
 
1. INTRODUCTION 
The South West Catchments Council (SWCC) commissioned the Department of Agriculture 
and Food to set land salinity and native vegetation resource condition targets in seven 
catchments in the portion of the South-west region with mean annual rainfall of less than 
600 mm. This follows the successful completion of a pilot project that involved five 
catchments in 2006. These targets were a requirement for investment under SWCC’s 
regional natural resource management (NRM) strategy. The project is an initiative of the 
South West Catchments Council funded jointly by the Australian Government and the 
Government of Western Australia under the National Action Plan for Salinity and Water 
Quality. 
The project’s Community and Stakeholder Reference Group initially identified 31 catchments 
to test a process for linking science with local aspirations and knowledge in setting realistic 
resource condition targets. The list of 31 catchments was re-evaluated and seven 
catchments in the low and medium rainfall areas of the Blackwood and Murray River basins 
were invited to collaborate with the Department of Agriculture and Food in setting 
measurable targets for dryland salinity. 
The Narrakine Gully and Highbury catchment groups were invited to take part in the target 
setting workshops because of their history of active involvement in Landcare. The process 
was assisted locally by Natalie Lees, Natural Resource Management Officer (NRMO) for the 
Shires of Narrogin and Williams. 
1.1 Narrakine Gully and Highbury catchments 
The Narrakine Gully and Highbury catchments are situated south of the Narrogin townsite 
and lie within the Narrogin Shire (Figure 1). Narrakine Gully covers approximately 7 700 ha, 
while Highbury covers approximately 13 600 ha. The area occupied by the Highbury 
catchment group is, in reality, the lower portion of a larger catchment which extends to the 
north and includes the Narrogin townsite; as such it is a social catchment rather than a 
physical one. 
Both catchments fall within the Southern Zone of Rejuvenated Drainage which is dominated 
by undulating terrain with some rock outcrop and isolated lateritic mesas in the upper 
portions of the catchments. The main valley floors are broad and flat. Sandy duplex soils 
dominate the hillslopes of both catchments; gravelly soils are also prominent, mainly on 
crests and upper slopes. The Highbury catchment contains a very high proportion (40 per 
cent) of valley floor soil-landscape units because its boundary is more a social one than a 
physical one. Basic descriptions of the soil-landscape units mapped in the Narrakine Gully 
and Highbury catchments are presented in Appendix 4 and further information is presented 
in the Rapid Catchment Appraisal report for the area (South West NRM Region Appraisal 
Team 2005). 
The long-term mean annual rainfall is 425 to 450 mm. An analysis of rainfall trends for the 
study area by Raper et al. (in prep.) showed that the mean annual rainfall since 1975 for 
Narrogin is not statistically different to the pre-1975 rainfall. This is in contrast to most 
centres in the study area where mean annual rainfall has decreased between 8 and 15 per 
cent since 1975. Average May to October rainfall at Narrogin, however, has decreased from 
401 to 353 mm since 1975, a fall of 12 per cent. 
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Figure 1 Location of the Narrakine Gully and Highbury catchments within the South West Natural Resource 
Management Region. 
1.2 Workshop aims 
The aims of the workshops were to: 
● Determine landholders’ perceptions of the salinity risk to the catchment and their 
aspirations for its management (that is, to incorporate landholder views on the likely 
future extent of salinity on their properties and in their catchment). 
● Present catchment information on current salinity impacts, trends for the future and 
an assessment of the likely impact of two levels of salinity management effort. 
● Identify salinity management options of interest to the landholders. 
● Provide an estimation of the likely impact of the salinity management options 
favoured by the landholders. 
● Agree to a catchment resource condition target (20 year) for land salinity and 
native vegetation. 
● Identify and prioritise five-year management action targets. 
1.3 Current salinity—local view 
The landholders identified the salinity status of their properties. It was agreed that the works 
implemented over the last 20 years have led to a slowing down or stabilisation of salinity on 
individual properties within the catchment. However, concerns were still expressed regarding 
salinity expanding along creeklines and in the lower reaches of the Highbury catchment 
where the valley floors are flat and broad. 
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1.4 Local aspirations 
At the first workshop, the landholders’ aspirations for the control of salinity in their catchment 
were explored using a continuum (Figure 2). The following criteria were used: 
● Full risk—Allowing salinity to increase with no additional intervention (do nothing 
scenario). 
● Containment—Keeping salinity within the catchment to current levels. 
● Full recovery—Returning currently saline land back to previous level of agricultural 
production.  
Full risk Containment Full Recovery 
 
 ↑ ↑ ↑ ↑ ↑ ↑ ↑ ↑ ↑ ↑ ↑ ↑ ↑ ↑ 
Figure 2 Continuum of landholder initial aspirations, each arrow represents one landholder’s aspirational target 
for salinity management. 
 
 
Landholders recording salinity management information during the first workshop at the Highbury Tavern. 
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2. CURRENT SALINITY IMPACTS AND FUTURE TRENDS 
During the first workshop, the landholders were presented with regional and catchment-scale 
information on groundwater trends, salinity status and future salinity risk. The limitations and 
scale issues associated with each information source were discussed and the landholders 
were invited to provide feedback from their local knowledge. 
2.1 Groundwater trends 
The regional groundwater trends have been analysed for each of the main soil-landscape 
zones in the low and medium rainfall zones of the South West NRM region. Both Narrakine 
Gully and Highbury are situated in the Southern Zone of Rejuvenated Drainage and, due to 
the lack of any groundwater data for these catchments, the regional trends were the only 
groundwater data that could be presented to the group. The groundwater trends for this zone 
are presented in Table 1. Although a small majority (18 of 33) of bores in lower slope and 
valley floor positions indicate that some watertables have reached equilibrium, a significant 
number (13 of 33) indicate that groundwaters in areas of salinity risk are still rising at an 
average rate of 0.15 m/yr. 
Table 1 Regional groundwater trends (Raper et al. in prep.) 
Southern Zone of rejuvenated drainage 
Landscape 
position 
Average 
trend Number of bores Average rate of change (m/yr) 
Mean depth to 
water (m) 
Upper slope Rising 11 0.40 –9.7 
 Equilibrium 4 _ Dry 
Mid slope Rising 21 0.20 –5.3 
 Equilibrium 5 – –4.5 
Lower slope Rising 11 0.15 –1.4 
 Equilibrium 10 - –1.4 
 Falling 1 –0.05 –1.9 
Valley floor Rising 2 0.05 –0.3 
 Equilibrium 8 – –0.6 
 Falling 1 –0.10 –0.9 
2.2 Current salinity impacts 
The Land Monitor project used high resolution digital elevation data and remotely sensed 
vegetation health data to map salt-affected land and to produce an estimate of the maximum 
possible future extent of salinity in the south-west agricultural region (McFarlane et al. 2004). 
Land Monitor (2001) estimated that 350 ha (5 per cent) of the Narrakine Gully catchment was 
salt-affected in 1998 (Wallace 2002) with 1 370 ha (18 per cent) remnant vegetation in the 
catchment. The estimated Land Monitor (2001) values indicate that 1 300 ha (9 per cent) of 
the Highbury catchment was salt-affected in 1998 (Wallace 2002) and 1 100 (8 per cent) is 
covered with remnant vegetation (Figure 3).  
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Figure 3 Current salinity in Narrakine Gully and Highbury (Land Monitor 2001). 
The Land Monitor estimate of current salinity has limitations that can affect the precision of 
information. The reported accuracy of the Land Monitor salinity mapping for the west 
Blackwood zone, within which Narrakine Gully and Highbury sit, was 96 per cent (Wallace, 
2002). A field visit prior to the workshops indicated Land Monitor significantly underestimated 
the extent of salinity, highlighting only the most severely degraded areas, and did not include 
saline areas covered in samphire. At workshop 1, landholders agreed that Land Monitor 
underestimated the extent of current salinity, but also pointed out that some current salinity 
had appeared since 1998 and could therefore not be detected during the Land Monitor  
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project. The average rate of expansion of salt-affected land, as mapped by Land Monitor, 
within the Narrogin Shire between 1990 and 1998 was 5.8 per cent or 0.7 per cent per 
annum (Wallace 2002). These rates of expansion of salt affected land cannot be used as a 
direct indication of the likely rate of expansion in the Narrakine Gully and Highbury 
catchments because, unlike a catchment, a shire is an administrative area. The landholders 
were given the opportunity to mark areas that they identified as currently salt-affected over 
the Land Monitor salinity map and any discrepancies were noted. They estimated that salinity 
currently affected 6 per cent of the Narrakine Gully catchment (370 ha) and 11 per cent of 
the Highbury catchment (1 500 ha).  
2.3 Valley floor hazards 
Salinity hazard is best thought of as an area of land, usually on a valley floor, where the 
watertable may approach the ground surface at some future time and give rise to dryland 
salinity. Valley floor hazard, from the Land Monitor (2001) information for low-lying areas, 
indicates areas which have the highest risk of waterlogging, flooding, shallow groundwater 
and salinity (Figure 4). 
It is important to note that not all these areas will become saline. Variations in topography 
and soil type are critical factors in determining their susceptibility to salinity. Furthermore, the 
valley floor hazard mapping does not imply any particular time-frame for the realisation of 
salinity risk. It can only therefore be used to inform an estimate of salinity risk required to 
assist in setting a 20-year resource condition target. 
Land Monitor used digital elevation modelling to derive valley floor hazard. This was reported 
as the area of valley floor within a specified elevation of the main streamline. Table 2 
presents this information as cumulative areas at four classes: 0–0.5 m; 0–1.0 m, 0 1.5 m and 
0–2.0 m. The areas in the 0–2.0 m class are almost certainly an overestimate of the salinity 
hazard for the catchments. The 0–0.5 m class offers a better estimation of the area at risk of 
becoming saline if land use remains largely unchanged (McFarlane et al. 2004).  
Given the current extent of salt-affected land in the catchments, the reported rates of 
groundwater rise and their local knowledge, the landholders estimated that 10% to 12 per 
cent of the Narrakine Gully catchment and 18 per cent to 20 per cent of the Highbury 
catchment is likely to be salt-affected in 2028, if no further action is taken.  
Table 2 Valley floor hazards in Narrakine Gully and Highbury (Source: Land Monitor 2001) 
Narrakine Gully Total area (ha) % of catchment Remnant vegetation (ha) % of catchment 
% of remnant 
vegetation 
Catchment    7 699  1 373 18 – 
Land Monitor valley floor hazard at different elevations above the main stream line  
0–0.5 metres   1 701 22     159 2.0 11.6 
0–1.0 metres   2 075 27     188 2.4 13.7 
0–1.5 metres   2 168 28     198 2.6 14.4 
0–2.0 metres   2 170 28     198 2.6 14.4 
Highbury      
Catchment  13 600 – 1 100 8 – 
Land Monitor valley floor hazard at different elevations above the main stream line  
0–2.0 metres 5 300 39 130 1 11.8 
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Figure 4 Valley floor hazard in Narrakine Gully and Highbury (Land Monitor 2001). 
LAND SALINITY TARGET SETTING IN NARRAKINE/HIGHBURY CATCHMENTS 
 
8 
2.4 Predicted impact of recharge reduction strategies 
The Flowtube model (Argent 2005) was used to assess the likely impacts of three levels of 
recharge control on shallow watertables, and therefore salinity risk, for all catchments 
involved in the project. Flowtube is a simple two-dimensional model which simulates the 
position of the watertable over time along a groundwater flow line, either down a hillslope or 
down the main drainage line of the catchment. A limitation of this type of model is that the 
proportions of the catchment with shallow groundwater for different scenarios must be 
estimated from the length of the flow line saturated. However, because the model simulates 
the position of the watertable through time, an estimate at the end of the 20-year time frame 
required for this exercise is possible. 
There are no groundwater data available for the Narrakine Gully and Highbury catchments 
so modelling could not be done. The East Yornaning catchment, located 24 km north of 
Highbury, was used as a case study. The model predicted that reducing recharge by 25 per 
cent, 50 per cent or 75 per cent across the catchment would have a limited impact on the 
area at risk from shallow watertables and would not greatly change the area at risk of 
becoming salt-affected (see Table 3). Note that percentage areas figures presented in 
Table 3 are quoted to one decimal place. This is to show the very small differences in the 
areas calculated and is not a reflection of the accuracy of the modelling. 
Table 3 Predicted salinity risk under three levels of recharge control for the East Yornaning case study 
catchment  
Scenario Percentage of catchment with  shallow watertable 
Current practice 15.7 
25% recharge reduction 15.6 
50% recharge reduction 15.2 
75% recharge reduction 14.7 
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3. SALINITY MANAGEMENT OPTIONS 
The Narrakine Gully and Highbury landholders identified works that they had undertaken 
over the last 20 years to manage salinity. This is shown in the timeline in Figure 5. They also 
identified management actions that they were considering implementing to manage salinity in 
the future. These are captured in the mind-map in Figure 6. The mind-map shows the key 
areas for action (e.g. trees) and shows the linkages between some of the options identified. 
Actions that worked 
 
 
 
  
 
 
 
 1987 1997 2007 
 
Actions that did not work 
 
Figure 5 Works undertaken in Narrakine Gully and Highbury catchments. 
 
Figure 6 Potential options for managing salinity in the Narrakine Gully and Highbury catchments. 
Lucerne – 
persisted and 
slowed the 
progression of 
salinity  
Surface drainage 
Saltbush
Narrakine Gully fenced 
Deep 
drainage 
Tagasaste on 
gravel hills
Pumps
Lucerne—did not persist 
Sandalwood No-till 
cropping
Water 
harvesting 
Trees 
Oil mallees for recharge, 
wind and erosion control 
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4. MODELLING 
The landholders chose three scenarios from the salinity management options identified in 
Figure 6 to model their impact on salinity risk. The most appropriate modelling tool available 
for the simulation of each scenario was chosen, the choice being dependent on the nature of 
the management option to be simulated and the availability of data to support the modelling. 
Case studies from other catchments were used where no data were available for the 
Narrakine Gully and Highbury catchments. The following management options were 
nominated: 
● Perennial pasture 
● Deep drainage in bottom third of the catchment 
● Surface water management. 
4.1 Scenario 1 ~ Perennial pasture 
The Flowtube model was chosen to simulate the likely impact of broadscale planting of 
perennial pastures on catchment salinity risk. The East Yornaning catchment was again 
chosen as a case study and lucerne was chosen as the perennial simulated because it has 
the greatest known impact on recharge reduction of any of the options available. 
4.1.1 Assumptions 
● East Yornaning catchment data is applicable. 
● Lucerne reduces recharge by 50 per cent. 
● 20 per cent of area planted at any one time, but not extending to hilltops. 
4.1.2 Impact 
The scenario for perennials outlined above was modelled and the results are summarised in 
Table 4. 
Table 4 Lucerne planting scenarios (East Yornaning data used) 
Scenario Percentage of catchment with shallow watertable 
Base case 15.7 
Perennials 15.7 
Increasing the area planted to perennials would have two main benefits in relation to salinity 
management. The first is recharge reduction which is explicitly simulated in the Flowtube 
model and second, a reduction in waterlogging which cannot be explicitly modelled. A 
reduction in waterlogging will have a positive impact on the surface condition and productivity 
of the area treated and potentially on areas immediately downslope. This secondary impact 
is not quantifiable and is therefore not reflected in the results presented in Table 4. 
4.2 Scenario 2 ~ Deep drainage in bottom third of the 
catchment  
The impact of deep drainage was estimated using Geographical Information System (GIS) 
tools. A network of arterial drains through the currently salt-affected and adjacent areas at 
risk was digitised on the valley floors of both catchments, roughly parallel to the natural 
drainage (Figures 7 and 8). The areas hypothetically drained included the majority of the 
currently salt-affected area in each catchment. 
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Areas impacted by the hypothetical drains were calculated from drain length and assumed 
lateral impacts only, not from an explicit simulation of drainage impacts on the groundwater 
system. Therefore the results are only indicative of the area of impact and the 
reduction in shallow watertables in each catchment and do not represent an expected 
outcome from deep drainage. Soil-landscape units likely to be dominated by soils with poor 
drainage characteristics were identified (Department of Agriculture and Food 2008); the main 
characteristics considered were permeability and stability for drain construction. 
Two estimates of the potential 2028 extent of salinity in the Narrakine Gully and Highbury 
catchments were used as benchmarks for this exercise in line with the landholders’ estimates 
reported above. These were 10 per cent and 12 per cent for Narrakine Gully and 18 per cent 
and 20 per cent for the Highbury catchment.  
4.2.1 Assumptions 
● Safe disposal of drainage effluent is available. 
● 14 km of feeder and arterial drains in Narrakine Gully. 
● 27 km of feeder and arterial drains in Highbury. 
● Lateral impact ranges from 25 to 200 m either side of drain. 
● 200 m lateral impact required to make drain cost effective at 75 per cent efficiency. 
● Sodic sub-soils likely to restrict lateral impact of drains. 
4.2.2 Impact—Narrakine Gully 
The estimated impact of deep drains is based on a main drain with feeder drains to a total 
length of 14 km as shown in Figure 7. Table 5 presents a range of lateral impacts from 25 m 
to 200 m. This was calculated to give an indicative area of impact and the reduction in 
shallow watertables in the catchment. Table 5 also includes estimates based on assumed 
drainage efficiency of 75 per cent and 100 per cent. The most likely impact is a reduction in 
the area of shallow watertables of between 147 ha (2 per cent) and 294 ha (4 per cent), 
assuming a lateral impact of 70 to 140 m and 75 per cent drain efficiency because of the 
presence of unstable or low permeability subsoils on the valley floors. 
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Figure 7 Deep drainage scenario in Narrakine Gully (only indicative placement to calculate total drain length). 
Table 5 Estimated impact of deep drains on shallow groundwater in Narrakine Gully catchment 
Total drains (km) Lateral impact (m) Area impacted (ha) 
% catchment salt 
affected (estimate 1) 
% catchment salt 
affected (estimate 2) 
no drains     10.0 12.0 
25 53 9.3 11.3 
70 147 8.1 10.1 
140 294 6.2 8.2 
14 km at 75% 
efficiency 
200 420 4.5 6.5 
25 70 9.1 11.1 
70 196 7.5 9.5 
140 392 4.9 6.9 
14 km at 100% 
efficiency 
200 560 2.7 4.7 
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4.2.3 Impact (Highbury) 
The estimated impact of deep drains is based on a main drain with feeder drains to a total 
length of 27 km as shown in Figure 8. Table 6 presents a range of lateral impacts from 25 m 
to 200 m. This was calculated to give an indicative area of impact and the reduction in 
shallow watertables in the catchment. Table 6 also includes estimates based on assumed 
drainage efficiency of 75 per cent and 100 per cent. The most likely impact is a reduced area 
of shallow watertables of between 284 ha (2 per cent) and 567 ha (4 per cent), assuming a 
lateral impact of 70 to 140 m and 75 per cent drain efficiency because of the presence of 
unstable or low permeability subsoils on the valley floors. 
 
Figure 8 Deep drainage scenario in Highbury (only indicative placement to calculate total drain length). 
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Table 6 Estimated impact of deep drains on shallow groundwater in Highbury catchment 
Total drains 
(km) 
Lateral impact 
(m) 
Area impacted 
(ha) 
% catchment salt 
affected (estimate 1) 
% catchment salt 
affected (estimate 2) 
no drains     18.0 20.0 
25 101 17.3 19.3 
70 284 15.9 17.9 
140 567 13.8 15.8 
27 km at 75% 
efficiency 
200 810 12.0 14.0 
25 135 17.0 19.0 
70 378 15.2 17.2 
140 756 12.4 14.4 
27 km at 100% 
efficiency 
200 1 080 10.1 12.1 
4.3 Scenario 3 ~ Surface water management 
The MODFLOW distributed groundwater flow model (McDonald and Harbaugh, 1988) was 
used to simulate the likely outcome of surface water management on lower slopes and valley 
floors. The model was setup for the 8 600 ha Queerfellows Creek catchment, about 30 km 
south of Narrakine Gully and Highbury, also in the Southern Zone of Rejuvenated Drainage. 
The mean annual rainfall in the Queerfellows Creek catchment is 425 to 450 mm, which is 
very similar to that of the Narrakine Gully and Highbury catchments which have a mean 
annual rainfall of 400 to 425 mm. The Queerfellows Creek landholders included 34.2 km of 
surface water control structures and drains on their farm plans in 2000 and the impacts of 
these planned works were simulated. Most of the planned works have now been installed for 
several years. Simulations were also performed for surface water control structures installed 
at twice and three times the density indicated on the farm plans (Keipert et al. in press). The 
Queerfellows modelling was used as a case study because it provided explicit information on 
the impact of surface water management options, designed and implemented by landholders 
in a catchment with some soil and morphological similarities to the Narrakine Gully and 
Highbury catchments. The model predicts the equilibrium depth to groundwater given annual 
recharge and the impacts of drainage; the results are therefore not time-bound and the time 
required to reach a new equilibrium is not determined. 
4.3.1 Assumptions 
● Queerfellows Creek data are applicable to Narrakine Gully and Highbury. 
● Banks and drains at twice and three times the density specified in the Queerfellows 
Creek farm plans. 
● Recharge is reduced by 50 per cent for 100 m downslope of drain. 
4.3.2 Impact 
A range of scenarios are presented for surface water control (Table 7). Modelling predicted a 
reduction from 26 per cent to 23 per cent of the catchment area would be at risk from shallow 
watertables with a doubling or trebling of the length of surface water management structures 
proposed on the farm plans. Trebling the length of surface water management structures 
resulted in a predicted area at risk not significantly different to a doubling of the length of 
surface water management structures because a doubling covered almost all of the high risk 
areas. It should be noted that because an equilibrium model was used, the time required to 
reach the estimated area with shallow groundwater is not determined and may be different 
under each management option modelled. 
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Table 7 The impact of surface water management with shallow watertables in Queerfellows Creek 
catchment  
Scenario Percentage of catchment with  shallow watertables 
Base case 26 
Farm plans—double surface water control 23 
Farm plans—triple surface water control 23 
Surface water control has two main benefits in relation to salinity management. The first is 
recharge reduction, which is simulated in the MODFLOW model, and second, a reduction in 
waterlogging and inundation which cannot be explicitly modelled. Reduction in waterlogging 
will have a positive impact on the surface condition and productivity of the area treated; this 
is not quantifiable and is therefore not reflected in the results presented in Table 7. 
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5. ASSETS AND TARGETS  
5.1 Assets at risk to salinity 
The Narrakine Gully and Highbury landholders nominated that, in addition to agricultural 
land, the following assets are at risk or are already affected by salinity: 
● Fencing  
● Local roads (Highbury East Rd and Jamiesons Rd) 
● Water quality and dams 
5.2 Narrakine Gully catchment targets 
The landholders in Narrakine Gully agreed to the following resource condition 
targets: 
• Contain salinity coverage across the catchment to 8 per cent with no net loss of 
production by 2028. (Landholders estimated that 6 per cent of the catchment is 
currently affected by salinity and the full-risk by 2028 was estimated to be 10 to 
12 per cent of the catchment.) 
5.3 Highbury catchment targets 
The landholders in Highbury agreed to the following resource condition targets: 
• Contain salinity coverage across the catchment to 15 per cent with no net loss of 
production by 2028. (Landholders estimated that 11 per cent of the catchment is 
currently affected by salinity and the full-risk by 2028 was estimated to be 18 to 
20 per cent of the catchment.) 
• Increase productivity from currently affected land. 
 
LAND SALINITY TARGET SETTING IN NARRAKINE/HIGHBURY CATCHMENTS 
 
17 
6. FUTURE OPTIONS TO MANAGE SALINITY AND NATIVE 
VEGETATION 
The landholders identified salinity management options that they consider appropriate for 
them to implement in the short to medium term and these are summarised in Appendix 3. 
Further Management Action Targets (MATs) were discussed during workshop 2 and then 
prioritised according to the group’s and/or individuals’ ability to implement the action and the 
potential impact on the likelihood of achieving their agreed land salinity resource condition 
target (Figure 9).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9 Prioritised management actions based on impact of action and capacity to implement. 
Each of the nominated management actions was discussed to determine the level of impact 
it would have on achieving their agreed land salinity resource condition target. The group 
then determined if members had a low or high capacity to implement the management 
action. This determined the quadrant in which the management action was placed (A, B, C or 
D) in Figure 9. The quadrant in which an action is placed determines its priority and timeline 
for implementation.  
A = Immediate (0–3 years) action (high impact and high capacity). 
B = Longer or medium-term action (needs more resources—high impact but low capacity). 
C = Short-term action (a small win can help build confidence—low impact and high capacity). 
D = Needs to be reviewed in future to see if priority or circumstances have changed 
(low impact and low capacity). 
Impact 
Capacity 
A B 
C D 
Open up creek-
lines (Highbury) 
Upgrade and  
de-silt culverts 
GM plants 
Protect remnant 
vegetation 
Liaison with 
local 
government 
Fence 
degraded 
land 
Salt tolerant 
pastures 
Open up creek-
lines (Narrakine) 
Deep drainage 
Pumping into 
deep drains 
Measure and monitor 
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The different MATs and the initial actions to implement the targets are summarised in 
Table 8. 
Table 8 Initial actions for Management Action Targets 
Target Priority Initial action 
Use a range of salt tolerant pastures for 
productive use 
A ? Get information on trees that will grow on salty 
areas and could become a fodder species 
(e.g. Casuarina obesa) . 
? Look at local work that has already been 
established. 
? Look at what performs best locally (Old man 
saltbush, Wavy leaf saltbush, Puccinellia). 
? Look at the Tincurrin Paspalum trial. 
Protect remnant vegetation stands at 
top of catchment 
A ? Fence off rocky outcrop areas (especially those 
that can’t be cropped). 
Upgrade and de-silt road culverts B ? Identify sites—Narrakine South and 
Corraminning roads. 
? Identify depth of culvert required. 
? Develop budget. 
? Approach Shire CEO. 
Open up creek-lines (Highbury) B ? Liaise with Department of Water regarding 
legislation affecting this. 
? Check current condition and sites for re-
vegetation and fencing. 
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7. CONCLUSION AND RECOMMENDATIONS  
The Narrakine Gully and Highbury landholders were presented with information on the extent 
of salt-affected land in the two catchments derived from remotely-sensed data under the 
Land Monitor project. The data suggested that over 350 ha (5 per cent) of the Narrakine 
Gully catchment and over 1 300 ha (9 per cent) of the Highbury catchment were salt-affected 
in 1998. The landholders mapped salt-affected land and determined that 460 ha (6 per cent) 
of the Narrakine Gully catchment and 1 500 ha (11 per cent) of the Highbury catchment were 
currently affected, the difference between the Land Monitor estimate and that made by the 
landholders is made up of saline areas not identified by the Land Monitor process and an 
expansion of the salt-affected area in the intervening decade. 
The Land Monitor valley floor hazard mapping suggests that the maximum area at risk from 
salinity within the Narrakine Gully catchment is 22 per cent and in the Highbury catchment it 
is 30 per cent. These estimates are not time-bound and the landholders estimated that 10 to 
12 per cent of the Narrakine Gully catchment and 18 to 20 per cent of the Highbury 
catchment is likely to be salt-affected within 20 years if no further action is undertaken. 
The Narrakine Gully and Highbury landholders nominated three scenarios for modelling to 
assist them in setting time-bound, achievable resource condition targets for land salinity. 
These were: 
● Perennial pasture 
● Drainage in the bottom third of the catchment 
● Surface water management. 
The landholders set a 20–year, land salinity resource condition target to contain the extent of 
salt-affected land to 8 per cent of the Narrakine Gully catchment area and 15 per cent of the 
Highbury catchment area and to prevent any further degradation or loss of natural assets. 
The modelling of potential salinity management actions suggested by the catchment groups 
(Section 4) shows that the resource condition target agreed to by the landholders are 
optimistic and at the extreme of what is realistically achievable. The modelling suggests that 
large-scale drainage works may deliver the agreed targets. The scale and density of the 
groundwater drainage systems required would be greater than those shown in Figures 7 and 
8. Both catchments contain extensive areas with soils likely to respond poorly to deep 
drainage because of either low permeability, unstable subsoils or both within the areas 
currently salt affected and through which any drainage system would be required to run. 
Extensive site investigation would be required at both catchments to locate drainage 
networks capable of draining sufficient areas to be cost effective. Significant issues 
concerning the safe and legal disposal of the drainage effluent would also require resolution 
before any detailed planning could be started. 
The Narrakine Gully and Highbury landholders prioritised the following salinity management 
actions in support of their agreed land salinity resource condition target: 
● Use a range of salt tolerant pastures for productive use 
● Protect remnant vegetation stands at top of catchment 
● Upgrade and de-silt road culverts 
● Open up creek-lines (Highbury). 
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The management action targets prioritised have the potential to deliver the groups’ 
agricultural productivity targets if implemented at the catchment scale. Economic conditions 
will be the main constraint to the implementation of these management actions in the short-
term but the nature of the works will allow staged implementation as the finances of 
individual landholders allows. 
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9. APPENDICES 
Appendix 1: Workshop dates and attendees 
Workshop 1: Linking science with local aspirations 
 Friday 8 February 2008. Highbury Tavern, Highbury  
 Attendees 
 Landholders: Lindsay Scott, Pip Porter, Bernie Rhodes, Craig Borgas, 
Michael Blight, Paula Blight, Paul Quartermaine, 
Bill O'Neil, Jon Rick, Stephen Madson, Tim Wiese and 
David Grover 
 Support team: Paul Raper, Leon van Wyk, Natalie Lees and 
Andrew Huffer 
Workshop 2: Setting targets for action 
 Friday 22 February 2008. Highbury Tavern, Highbury  
 Attendees 
 Landholders: Lindsay Scott, Pip Porter, Bernie Rhodes, Michael 
Blight, Paul Quartermaine, Bill O'Neil, Jon Rick, 
Stephen Madson, David Grover, Peter Borgas and 
Bill Warren 
 Support team: Paul Raper, Leon van Wyk, Natalie Lees and Andrew 
Huffer 
Appendix 2: Workshop feedback 
What was worthwhile? What should be changed? 
? Bringing all the issues up 
? Afternoon tea! 
? Planning 
? Everyone’s ideas and comments 
? Purple map—very enlightening 
? Being able to look at catchment on a broad scale 
? Got thinking again 
? Group out of hibernation 
? Staying positive 
? Seen what everyone is doing, new perspective  
? Keep talk down and focus on action 
? Undertake the draft target setting stage before the 
future management options 
? More answers and solutions. Are we doing any 
good? 
? Before and after shots of works that have been 
done (monitoring) 
? Older aerial photos (20 yr) 
? Be good to have something new to try 
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Appendix 3: Future methods of managing salinity in the Narrakine Gully and Highbury 
catchments 
Management options Name Please specify (type, approx when) 
1. Deep-rooted perennial species to increase water use    
• Woody shrubs and trees  Craig Borgas 
Michael Blight 
Jon Rick 
Bernie Rhodes 
Tim Wiese 
Melaleuca and other salt tolerant  
Finish off tree planting 
Revegetation of creeklines and block planting  
Where needed on degraded land 
Revegetation of creeklines  
• Commercial tree crops (e.g. pines, oil mallees) Michael Blight 
Pip Porter 
Bernie Rhodes 
Tim Wiese 
More oil mallees 
Trees  
Oil mallees if fully commercial  
Oil mallees over larger areas  
• Land conservation (add to existing remnant veg)   
• Forage crops (e.g. tagasaste)   
2. Plant crops and pastures to increase water use   
• Increase productivity of saline lands (e.g. balansa, tall wheat grass or 
saltbush) 
Craig Borgas 
Lindsay Scott 
Pip Porter 
Jon Rick 
Bernie Rhodes 
Tim Wiese 
David Grover 
Stephen Madson 
Saltbush 
Saltbush 
Saltbush continues on previous success 
Saltbush on saline land 
Where needed 
To up production on re-vegetated creeklines  
Clover and perennial ryegrass 
Saltbush on low lying barley grass areas 
• Perennial pastures (e.g. lucerne) David Grover 
Pip Porter 
Chicory  
Lucerne to keep water table down 
• Summer crops Bernie Rhodes If profitable 
• Improved agronomy of annual pastures and crops Bill O’Neill 
Bernie Rhodes 
Tim Wiese 
Continual improvement  
Improve  
Continual improvement 
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Appendix 3 continued … 
Management options Name Please specify (type, approx when) 
3. Collect, reuse and dispose of surface water   
• Surface earthworks (e.g. grade backs, inceptor banks, W-drains) Craig Borgas 
Lindsay Scott 
Michael Blight  
Pip Porter 
Jon Rick 
Bill O’Neill 
Bernie Rhodes 
Tim Wiese 
Drainage into dams  
Harvest water into dams 
Grade banks or drains up to main watercourse in 5 years 
More banks into dams 
W-drains 
Investigate to eradicate waterlogging  
If needed 
Develop a long term plan to control surface water 
• Other strategies (e.g. woody perennials).   
4. Drain or pump, reuse and disposal of groundwater   
• Deep drains Lindsay Scott 
Pip Porter 
Tim Wiese 
Would like to do some, but cost factor is a problem  
Need more info, but very keen 
Interested in potential, but need more info 
• Pumps   
• Aquaculture Bernie Rhodes If profitable 
• Siphons and relief wells   
5. Protect and manage remnant native vegetation    
• Protective fencing Craig Borgas 
Lindsay Scott 
Michael Blight 
Pip Porter 
Bernie Rhodes 
Stephen Madson 
Fencing remnant vegetation 
On-going 
On-going 
Fencing remnant vegetation 
Where needed 
Protect new plantings and for rotational grazing 
• Rehabilitation Lindsay Scott 
Michael Blight 
Bernie Rhodes 
On-going 
On-going 
Where needed 
• On-going management (e.g. weed control) Lindsay Scott 
Michael Blight 
Pip Porter 
Bernie Rhodes 
On-going 
On-going 
Cape tulip 
Where needed 
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Appendix 4: Soil-landscape units of the Narrakine Gully catchment (DAFWA 2008)  
Mapping unit Area (ha) Proportion of catchment (%) Landform Soils 
257Ar_2 1 090 14 Broad valley flats and alluvial plains (1.5–4.5 km wide) Saline wet soils with alkaline grey shallow sandy duplex and grey deep sandy duplex 
257De_1 970 13 Isolated lateritic mesas; mid to upper slopes, crests and breakaways 
Shallow gravel, duplex sandy gravels, deep sandy gravels 
and pale deep sands 
257De_2 1 990 26 Lower to upper slopes, crests, breakaways and minor drainage depressions 
Grey deep and shallow sandy duplexes with minor areas of 
duplex sandy gravels and red duplex soils 
257De_3 960 12 Mid to upper slopes and crests Grey deep and shallow sandy duplexes with outcrops, gritty brown deep sands and red duplexes. 
257De_4 1 580 20 Foot slopes, lower and mid slopes, drainage lines and minor valley flats(< 100 m wide) 
Grey deep and shallow sandy duplexes, often sodic and 
sometimes alkaline with minor saline wet soils 
257De_5 450 6 Valley flats (100–300 m wide) Saline wet soils with grey shallow and deep sandy duplex soils 
257DeNB 140 2 Long gentle and undulating hillslopes and divides Grey and yellow/brown deep sandy duplexes, sandy gravels and shallow duplexes 
257DeNBr 20 0 
Long gentle and undulating hillslopes and divides with common 
(15–20%) rock outcrops 
Bare rock, stony soils and grey shallow and deep sandy 
duplexes 
257DeNO 20 0 Plateau remnants; small areas of undulating and gently undulating laterised upland; breakaways 
Deep sandy gravels, duplex sandy gravels, shallow gravels 
and pale deep sands (often gravelly) 
257Wb_1 20 0 Mid to upper slopes and crests Sandy gravels with minor areas of loamy gravels and pale deep sands. 
257Wb_2 430 6 Lower to upper slopes and crests including low rises adjacent to river flats 
Grey sandy duplex soils, often with alkaline subsoils and 
duplex sandy gravels on low rises 
257Wb_3 50 1 Lower to upper slopes and crests Grey deep and shallow sandy duplex soils, rock outcrop and red duplex soils, often alkaline 
257Ar_1 2 150 15 Broad valley flats and alluvial plains (1.5 to 4.5 km wide) Grey shallow duplex, often alkaline, deep sandy duplex and saline wet soils 
257Ar_1ns 350 3 Valley flats, largely unsalinised (at the time of mapping) 
Shallow and deep sandy duplexes, sometimes alkaline and 
sodic, loamy duplexes and deep alluvial sands, minor saline 
wet soil 
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Appendix 4 continued …  
Mapping unit Area (ha) Proportion of catchment (%) Landform Soils 
257Ar_2 1 140 8 Broad valley flats and alluvial plains (1.5–4.5 km wide) Saline wet soils with alkaline grey shallow sandy duplex and grey deep sandy duplex 
257Ar_4 110 1 Lakes and swamps with associated lunettes, dunes and swales Salt lake soil and saline wet soil with minor grey sandy duplex, often alkaline, and brown deep sand 
257De_1 1 030 8 Isolated lateritic mesas; mid to upper slopes, crests and breakaways 
Shallow gravel, duplex sandy gravels, deep sandy gravels 
and pale deep sands 
257De_2 2 530 19 Lower to upper slopes, crests, breakaways and minor drainage depressions 
Grey deep and shallow sandy duplexes with minor areas of 
duplex sandy gravels and red duplex soils 
257De_2sal 30 0 Saline seeps in upper 'V' shaped valleys and on hillsides, often controlled by bedrock highs downslope Semi-wet soil, saline soil 
257De_3 40 0 Mid to upper slopes and crests Grey deep and shallow sandy duplexes with outcrops, gritty brown deep sands and red duplexes. 
257De_3d 10 0 Irregularly undulating terrain with rock outcrops 
Shallow and loamy gravels, friable shallow loams, loamy 
earths and red/brown non-cracking clays, and cracking 
clays in poorly drained positions 
257De_3u 20 0 Colluvial and deeply weathered undulating terrain with few rock outcrops. Minor areas of freshly weathered rock 
Deep and shallow sandy duplexes with some deep sand 
(often gritty) and minor red/brown loams, loamy duplexes 
and clays. 
257De_4 750 6 Foot slopes, lower and mid slopes, drainage lines and minor valley flats(< 100 m wide) 
Grey deep and shallow sandy duplexes, often sodic and 
sometimes alkaline with minor saline wet soils 
257De_4ns 90 1 Largely unsalinised footslopes and minor valley  Grey shallow and deep sandy duplexes, often sodic, sometimes alkaline, saline soils, semi-wet  
257De_4sal 90 1 Salinised footslopes and minor valley flats Semi-wet soil, saline soil 
257De_5 600 4 Valley flats (100–300 m wide) Grey shallow and deep sandy duplexes, often sodic, sometimes alkaline, saline soils, semi-wet soils 
257De_5ns  80 1 Valley flats Grey shallow and deep sandy duplexes, often sodic, sometimes alkaline, minor saline and semi-wet soils 
257De_5sal 60 1 Valley flats Semi-wet soil, saline soil 
257DeNB  100 1 Long gentle and undulating hillslopes and divides  Grey and yellow/brown deep sandy duplexes, sandy gravels and shallow duplexes  
 
